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Ferrite chips can be classified for standard signal, bigh-speed signal, power
line and ultra-high frequency applications.

Introduction

With the increasing emphasis placed
on emissions and immunity by the FCC
and other international regulatory agen-
cies, design engineers are encouraged
to prioritize EMC at the forefront of
their designs. For this reason, there
have been intense studies in the field
of electromagnetics which have pro-
vided breakthroughs in EMI filter tech-
nology, particularly ferrite chips. This
continuous effort for improvement has
affected ferrite chips in areas such as
size, performance, and popularity.

However, even with this trend of
improvements, there still exists a sense
of uncertainty on how to solve EMI
problems using ferrite chips. This is
why it is necessary to understand the
nature of EMI and the specific charac-
teristics of ferrite chips. This article will
address the basic principles of EMI and
ferrite chips. It will explain the charac-
teristics of ferrite chips atlow and high
frequencies and how they are benefi-
cial in reducing EMLI. It will also discuss
how a large variety of ferrite chips has
been narrowed down to four applica-
tion-specific categories to simplify the
selection process.

EMI Concepts

Three elements are required for an EMI
problem to exist. There must be a
noise source, noise receiver and a cou-
pling path for the noise generated to
reach the receiver. Although these el-
ements may not be easily identifiable,
if any one is eliminated, the threat of
EMI is obsolete.
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In order to eliminate one of these
elements, the designer must know the
noise location and understand the me-
diumin which EMI is transmitted. Noise
can be transmitted via a conductor, or
radiated through the air. Figure 1 illus-
trates the four modes of noise cou-
pling:
¢ Conducted mode (1)
¢ Radiation coupling to equipment (2)
¢ Secondary radiation coupling to

equipment (also called cable re-

radiation) (3)
¢ Radiation coupling to cables (an-

tenna effect) (4)

widely used methods for suppressing
EML

Ferrite Chip
Characteristics

Ferrite chips have a unique feature that
results in a complex impedance (Z)
that has both a real (R) and imaginary
part (X).
Z=R+jXor(Z?=R?>+X?
The imaginary component yieldsan
inductive reactance, while the real com-
ponent provides pure resistance. The
value of this feature is that the relation-
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Figure 1. EMI Propagation Modes.

The basic rule of thumb is that there
are two methods for achieving EMC,
shielding and EMI filtering. EMI filtering
is effective in reducing conducted noise
as well as preventing emissions from
radiating. Furthermore, EMI filters are
available in compact surface-mount
packages and are cost-effective. Shield-
ing is effective in preventing radiated
noise; however it cannot prevent the
possibility of radiation between circuits
under the same shield and it is quite
expensive. For these reasons, ferrite
chips have become one of the more

*See advertisement on page 35

ship of these components varies with
frequency. As shown in Figure 2, the
inductive component is dominant at
low frequencies and the resistive com-
ponentbecomes dominant at high fre-
quencies. This is further illustrated with
the impedance curve in Figure 3. At
frequencies below 5 MHz, the ferrite
chip provides a small inductive imped-
ance of approximately 150 ohms, while
at frequencies above 100 MHz, the
impedance increases to well over 1000
ohms and is basically resistive.

For this reason, ferrite chips can be
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Figure 2. Ferrite Chip Equivalent Circuit.
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Figure 3. Impedance Provided by a Ferrite Chip.

thought of as frequency-dependent resistors. Since noise is
a high frequency phenomenon, when these ferrite chips
are inserted in series with the signal line, the resistive
component dissipates unwanted high frequency noise in
minute amounts of heat.

Ideally, the impedance of a ferrite chip will continue to
increase as the frequency increases. However, a closer look
at the impedance curve in Figure 3 reveals that the
impedance increases until the frequency reaches a certain
level, and then it decreases. This is due to the inherent stray
capacitance that exists between the external electrodes (I/
O terminals) and between the windings of the internal
electrode. Figure 4 illustrates the typical effect of stray
capacitance on the performance of a ferrite chip. As the

Limiting curve by ldeal
stray capacitance characteristic
S of a ferrite chip’ -

Impedance

Frequency ——p

Figure 4. Resonant Frequency (XC = XL).
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Figure 5. Monolithic Structure of Ferrite Chip.

frequency increases, the inductive characteristics of ferrite
chips tend to become more capacitive. This is why it is
necessary to understand the frequency at which the noise
problem occurs when selecting a ferrite chip.

To ensure this inevitable event takes place at the
highest possible frequency, ferrite chips are a mono-
lithic construction that minimize the stray capacitance,
hence increasing the effective frequency range. Figure 5
illustrates the structure of a surface-mount ferrite chip in
which an electrode pattern is printed on ferrite sheets to
form a series element component.

Based on the internal electrode structure and the compo-
sition of the ferrite material, ferrite chips can be designed to
meet a wide array of desired performances. Most recent
trends require ferrite chips to have small case size, variation
in impedance levels, high rated current, low DCR, high
frequency characteristics and sharp roll-off characteristics.

Types of ferrite chips

Over the years, there have been many advancements in
surface-mount technology and in ferrite materials which
have significantly increased the variety of ferrite chips. With
so many variables to consider, including size, impedance
level, and performance, the selection process can be
extremely difficult. In a successful attempt to ease this
process, a method was devised to narrow the variety of
ferrite chips according to application. Currently, ferrite chips
can be classified into one of four application-specific cat-
egories:
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Figure 6. Effects of Ferrite Chip Installation in a Circuit.
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Figure 7. Standard Ferrite Chip vs. High-speed Ferrite Chip.
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. . Continued

e Standard signals

o High-speed signals

e Powerlines

¢ Ultra-high frequencies

Standard signals are defined as
lower-frequency, lower-current sig-
nals which require effective impéd-
ance over a broad frequency range.
To achieve a broadband frequency
response, the ferrite material typi-
cally has a high permeability that
increases the performance of the
filter, particularly at low frequencies.
Figure 6 shows the effects of using
standard signal ferrite chips by in-
serting them in a test circuit. First, the
220-ohm ferrite chip is installed and a
reduction of approximately 10 dBuv
can be observed in the noise spectrum.
Next, the 600-ohm ferrite is inserted
and an even greater reduction, nearly
20 dBuV, is displayed. The results are
shown in the waveform as the severity
of the spike decreases when the filters
are added. This type of filter is ideal for
1/0 ports, IC power lines, and signal
lines.

High-speed signals operate at a
higher frequency than standard sig-
nals. Therefore a filter is needed that
will not affect the lower frequencies
or desired signal, but will provide
significant impedance at high fre-
quencies. Figure 7 is an illustration of
the impedance characteristics of a
ferrite chip designed for standard
signals versus one designed for high-
speed signals. As can be seen, the
high-speed signal filter has minimal
impedance in the low frequency
range, but experiences a sharp in-
crease in impedance as the frequency
increases. The minimal impedance
in the low frequency range prevents
interference with the desired signal.

A further explanation of the perfor-
mance of high-speed ferrite chips is
shown in Figure 8. In this demonstra-
tion, a test circuit is assembled and the
noise spectrum is measured without a
filter, with a high-speed ferrite, and
then with standard ferrite. By observ-
ing the noise spectrums, it can be

Continued on page 33
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concluded that both filters provide
excellent impedance characteristics.
However, due to the broad frequency
range of the standard signal ferrite, the
desired signal is affected and the result
is waveform cornering. Notice that if
the appropriate filter is not selected,
the attempts to suppress EMI emis-
sions can be more harmful than benefi-
cial, in that circuit operations are af-
fected. The high-speed ferrite chip is
designed for applications with high-
speed circuits such as computers and
peripheral equipment.

Power lines are very similar to stan-
dard signal lines in that they require
attenuation over a broad frequency
range. Therefore the characteristics are
similar. However, the power line fer-

rite chip is designed for high current
applications. This is achieved by modi-
fying the design of the inner electrode
for alow DC resistance, hence increas-
ing the rated current.

Figure 9 provides a good example
of the performance of the power line
ferrite chip. By inserting the 30-ohm
and the 60-ohm ferrite chips, noise
reduction of 10 dBuV and 14 dBpv
respectively are displayed in the noise
spectrum. Currently there are ferrite
chips designed for power lines rated
for 6 Ainan 1806 size and 3 A in 0805.
Obviously, with the high current
capability of this ferrite chip, the
applications are typically DC power
lines.

Ultra-bigh frequency applications

Test Circuit
(By 10:1 Probe)
Ferrite Chip Measuring Point
5 MHz
50 Ohm 50 Ohm
ACO4
Waveform =y Noise Spectrum
250,000 na 0.00000 250.000 100
1.1
— 80
P A g
D0
2
— _ G40
-4
20
S 3000 VoY oo < 2000 vohe obennded i 3L L
Timebase = 500 neidy Deley = 0.00000 0 100 200 300 400 500
Original (without filter) Frequency (Mhz)
-260.000 0,00000 250,000 deuv
! . 100y
80
2
\ \ Jeo
| \ ] | 2
G40
z
20
T T 000 Vet ot < 2000 ke 0 b ed b ke d
Timebess = E0.0 nard Deley = 0.00000 ) 100 200 300 400 500
Frequency (Mhz)
750-ohm@ 100 MHz (High Speed)
~dBpV
+250.000 N8 0,00000 0,000 1oc
3 80
pa TN T\ Seo
Q
4
pESSESREEES
on1 = 2.000 Voltwidly Oftegt = 2.000 volte.
Tremst = Soomin ey = o0 0% 100 200 300 400 500
Frequency (Mhz)
600-ohm@ 100 MHz (Standard Signal)

. Continued from page 30

have EMI problems well beyond 1
GHz. These applications require a fil-
ter that will provide significant imped-
ance at particularly high frequencies. It
can be viewed as shifting the window
of the effective frequency range of the
standard signal ferrite to extend to the
GHz range. Figure 10 provides an
illustration of the performance of the
ultra-high frequency ferrite chip. These
are extremely useful in the telecom-
munication industry where the trans-
mitting and receiving frequencies are
quickly approaching the GHz range.

Figure 11 provides a summary of the
selection process for surface-mount
ferrite chips.
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Figure 8. High-speed Signal Ferrite Chips.
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Figure 9. Power Line Ferrite Chip.
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Figure 10. Ultra-bigh Frequency Ferrite Chip.

Summary

In recent years there has been heavy
emphasis placed on the harmful ef-
fects of EMI emissions and this trend is
expected to continue as operating fre-
quencies increase. Therefore, it is im-
perative for design engineers to be
knowledgeable on the principles of
EMI and the various resources available
to control it. One of the more popular
methods for achieving EMC is filtering

using ferrite chips. These ferrite chips
have physical and constructional prop-
erties that make them ideal filters.
They also are very simple to install
because there is no need for a ground
design. Another nice feature of ferrite
chips is that they are classified in four
application-specific categories. This
makes it easy to narrow down an
otherwise broad variety of filters to
suit a particular application.
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Figure 11. Surface-mount Ferrite Chip Selection Chart.
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